The addition of the enzyme catalase to cells of certain strains of E8cherichia coli strain K 12, after exposure to ultraviolet light (2537A), has been found to increase the survival ratio (Monod et al., 1949; Latarjet et al., 1954; Miletic, 1954; Teti, 1954) . Catalase has also been found to counteract the biological effects produced in Micrococcus pyogenes var. aureus, either by ultraviolet irradiation of nutrient broth or by the addition of hydrogen peroxide to the broth (Wyss et al., 1948) . Latarjet and Caldas (1952) extended the study of the restorative action of catalase on ultraviolet-irradiated cells and found that small doses of visible light enhanced the action of this enzyme. Clark (1952) has suggested that part of the resistance exhibited by E. coli strain B/r to substrates that are irradiated with ultraviolet light or treated with hydrogen peroxide could be due to its high catalase activity. Wagner et al. (1950) found that when inhibitors of catalase and the cytochromes were incorporated into irradiated medium, there was an increase in the mutation rate of Neurospora. Giese et al. (1955) compared the order of hydrogen peroxide and ultraviolet sensitivity in a large group of protozoans and, based on differences in the order of sensitivity, questioned the importance of the effect of hydrogen peroxide produced during ultraviolet irradiation. They also studied the effect of catalase added to protozoan suspensions before, during, and after irradi- cell type in which a catalase negative and catalase positive state could be induced. This would make possible the study of the degree of radiation resistance conferred on an organism by its own intracellularly synthesized catalase.
From most of the above studies it appears that added catalase may protect cells against inactivation and the induction of mutations caused by ultraviolet irradiation. However, to the authors' knowledge, in these investigations no strains of bacteria lacking catalase or cytochrome activity were used. Inferences concerning the function of catalase in radiation protection have been based on the addition of extraneous catalase which acts, primarily, in the environment surrounding the cells, not intracellularly.
It is the purpose of this paper to report what we consider to be direct evidence that intracellularly synthesized catalase and the related cytochromes do protect cells of E. coli exposed to ultraviolet light. These studies were prompted by the reports of Beljanski (1955) and of Jensen and Thofern (1953) on the isolation of bacterial strains apparently unable to synthesize the hemin which is necessary for catalase and cytochrome activity. Catalase and cytochrome activity are restored in these strains by the addition of hemin to the growth medium. It is thus possible to study the resistance to radiation of a single strain in both its catalase positive and negative states.
MATERIAS AND METHODS
Cultures. The Monod strain of E. coli and the streptomycin-resistant, catalase-and cytochrome-deficient mutant derived from it (designated H7) were supplied through the courtesy of M. Beljanski. The catalase and respiratory activity of H7 could be restored to about one-third the level of the parent strain by growth in glucosenutrient broth supplemented with hemin (2 per cent glucose, 0.5 per cent peptone, 0.3 per cent beef extract, 0.5 per cent NaCl, 4 ,ug of recrystallized hemin per ml of broth, pH 7.0). The pres-494 The normal and the H7 strains were cultivated in glucose-nutrient broth (with and without the addition of hemin) for 22 hr at 37 C. The cultures were centrifuged, the cells washed once with sterile M/15 phosphate buffer (pH 6.8) and then resuspended in buffer. Using phosphate buffer as diluent, the cell suspensions were adjusted to the same turbidity before irradiation.
Irradiation procedure. Fourteen ml of each diluted cell suspension (containing about 1.0 X 107 viable cells per ml) were placed into sterile 50-ml round bottom quartz flasks. Each flask, plugged with a cotton stopper, was attached to the chuck of an electric stirring motor which rotated it slowly during irradiation. The suspensions were exposed to a uniform ultraviolet flux at a distance of 40 cm from a General Electric 15-watt germicidal lamp delivering approxi-mately 80 per cent of its total energy at a wavelength of 2537A. At various intervals, 1-ml aliquots of cell suspension were removed for the survival assay. Irradiation and subsequent treatment of the cells were carried out in a dark room under the yellow light of a General Electric 60-watt "Bugaway" lamp to prevent photoreactivation.
Viable cell counts of the non-irradiated and irradiated samples were determined by spreading 0.1-ml aliquots of appropriate dilutions (using m/15 phosphate buffer as diluent) onto the surface of 2 per cent glucose-nutrient agar plates.
The plates were incubated at 37 C for 48 hr. No large excess of hemin was present in the irradiated suspensions in these experiments since they were well washed. Moreover, hemin does not absorb energy strongly in the effective range of the germicidal lamp. It thus is very uinlikely that any part of the observed protection in H7 is due to direct absorption by hemin. It is conceivable that the protective influence of growth in hemin on H7 is due to a mechanism not directly concerned with the restoration of catalase and cytochrome activity. However, the most reasonable explanation for the observed effect is that it is due to the restoration of catalase and cytochrome activity. On the basis of the evidence presented in the literature, it would seem that the major portion of the effect may be due to catalase acting either catalytically or peroxidatively. The extent to which the restoration of cytochromes influences radiation resistance is unknown, but if a means can be found of restoring either system independently in strain H7 , it could be evaluated.
RESULTS AD DISCUSSION
It would be of interest to study the protective effects of growth in hemin on H7 cells exposed to X-rays since it is likely that more hydrogen peroxide and organic peroxides are produced by X-rays than by ultraviolet. If catalase exercises its protective function by decomposing these compounds, the protective effect of catalase restoration by growth in hemin should be relatively greater after exposure to X-rays. Unfortunately, however, no adequate X-ray equipment has been available.
